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THE PENETRATION OF AN ANTICHOLINESTERASE AGENT (SARIN)
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II. ATJTORADIOGRAPHIC STUDIESt
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Sarin, isopropyl-methyl-phosphono-fluoride,
can be synthesized with radioactive phosphorus
and used for autoradiographic studies. Be-
cause sarin is very toxic and because it can
penetrate into normal intact skth, it cannot
be applied to the skin of humans without
risk. Experiments in this laboratory have, there-
fore, been performed on the skin of rabbits and
on human skin excised at autopsy. By means of
autoradiograms, penetration into the intact skin
of living rabbits was compared with that into
skin excised after death. Penetration through
normal human skin, excised at autopsy, was com-




The hair was clipped from the abdomen of a
rabbit twenty-four hours prior to the application
of sarin. Just before the application of sarin, the
electrical conductivity was determined; low
conductivity indicated the absence of mechanical
breaks in the barrier. The animal was restrained
on a board, and 50 pl. of sarin, having a specific
activity of 0.3 mC/mM, were applied and allowed
to spread spontaneously. Because sarin is volatile,
the area to which sarin was applied was im-
mediately covered with a plastic cup which
measured 57 mm. inside diameter, and 26 mm.
deep. After 75 minutes, severe symptoms of
poisoning by the anticholinesterase agent had
developed, but the rabbit had not died. It was
therefore sacrificed at this time by air embolism.
The plastic cup was immediately removed, and the
sarin allowed to evaporate spontaneously for 30
minutes. The area of skin which had been covered
with liquid sarin was excised, and frozen at once
on dry ice.
Fifty microliters of sarin were placed on another
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piece of skin taken from an adjacent area of the
dead animal, and the treated area was covered
with the plastic cup. The skin was held in an incu-
bator at 37°C. for 75 minutes; then the cup was
removed and the sarin allowed as before to evapo-
rate for 30 minutes before the contaminated area
was excised and frozen. In an attempt to minimize
additional diffusion of radioactive material
through the skin, the tissues from all experiments
were kept continuously frozen from the time of
excision until just before development of the
photosensitive slide, except momentarily when
the sections were warmed to make them adhere to
the slide.
The frozen pieces of skin were mounted and
sectioned on a microtome in a cryostat (Linder-
strom-Lang cabinet) at —10°C. to —15°C. Cutting
was done in a dark room, and the sections were
mounted directly on cold, photosensitive slides
(Eastman Kodak Company, NTB, 1" X 3"). The
sections from the piece of skin which had received
sarin while the animal was alive were held in con-
tact with the photosensitive slide in the dark for
65 hours before the slide was developed; the sec-
tions from skin excised after death were held on
the photosensitive slide for 91 hours.
At the end of the exposure periods, the slides
were warmed to room temperature, developed
in Kodak developer D-19 (4 to 6 minutes), washed,
and fixed in Kodak Acid Fixer for 20 to 30 minutes.
The sections remained adherent to the slide; they
were stained with hematoxylin-eosin and mounted.
Human Skin
For study of the penetration of sarin into intact
and scratched excised human skin, adjacent pieces
of abdominal skin, excised at autopsy, were used.
Those with low electrical conductivity were
chosen for investigation. The surface of one piece
of skin was given a single superficial scratch with
a sharp needle, after which the electrical conductiv-
ity increased more than a hundred-fold. Pieces
of intact and scratched skin were placed on diffu-
sion chambers (1) and 25 pl. of radioactive sarin
(0.5 mC/mM) were placed on the epidermal side
of each piece. Thirty minutes after application,
the excess sarin was washed from both pieces of
skin.
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Immediately after washing, the skin was re-
moved from the chamber and pieces were cut for
sectioning. In scratched specimens, the long side of
the rectangular piece was cut perpendicular to
the scratch. The pieces were frozen on dry ice,
mounted for sectioning, and cut into 7.0 p sections
on a freezing microtome in a cryostat. The sec-
tions were mounted on plain glass slides, several
sections to a slide. A photosensitive slide (East-
man NTB-2) was placed over the sections, and the
two slides clamped together. After exposure for
10—li days, the slides were separated; the sections
remained on the clear slide. The photosensitive
slide was developed as above, and the sections on
the clear slide were stained with hematoxylin-
eosin and mounted.
This experiment was repeated except that sarin
of a lower specific activity was used (0.3 mC/mM);
the sarin was in contact with the skin for only 5
minutes before being washed off. The sections
were in contact with the photosensitive slides
for 20 days before being developed.
Rabbit Skin
RESULTS
The autoradiogram shown in Figure 1 was
made from skin which had been treated with
sarin during life. In taking the photomicrogram,
the microscope was focussed so that both the
skin section and the darkening of the photo-
sensitive emulsion could he seen. The epidermis
is visible near the top of the picture, following
through the middle of the band of shadow, It
must be remembered that because of the high
Fie. 1. Penetration of radioactive sarin through the intact skin of a living rabbit. Magnification
x 125; specific activity of sarin 0.3 mC/mM; contact of sarin with skin 105 mm.; contact of cutaneous
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Fio. 2. Penetration of radioactive sarin through rabbit skin excised after death. Magnifica-
tion X 125; specific activity of sarin 0.3 mC/mM; contact of sarin with skin 105 mm.; contact of cu-
taneous section with photosensitive emulsion 91 hrs.
energy of some of the beta particles emitted from
a 32 atom these particles will travel some dis-
tance before darkening the photosensitive emul-
sion by colliding with a silver particle. Therefore
the darkened point is not necessarily the site of
the molecule which contains the p32 atom.
Actually, most of the intense darkening in this
autoradiogram, which, in the picture, extends
more than a centimeter above and below the
surface of the skin, is probably caused by mole-
cules of radioactive sarin on the surface of the
skin which have not yet penetrated into the skin.
The autoradiograms show diffuse stippling
throughout the dermis, which probably indicates
that there has been a small amount of penetra-
tion. (It is known that while the animal was liv-
ing, enough sarin penetrated the skin and was
absorbed by the blood stream to cause severe
symptoms of sarin poisoning.) It is interesting to
note that there is no evidence in this autoradio-
gram of increased darkening around the deeper
portions of any of the several hair follicles. What
penetration occurred appears to have been pri-
marily transepidermal and not transfollicular.
The autoradiogram shown in Figure 2 was
A
B
FIG. 3. Autoradiogram of sections of human
skin on which radioactive sarin was placed after
excision at autopsy. A—normal skin; B—scratched
skin. Magnification X 1.2; specific activity of
sarin 0.5 mC/mM; contact of sarin with skin
30 mm.; contact of cutaneous sections with photo-
sensitive emulsion 10 days (A) and 11 days (B).
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FIG. 4. Photomicrogram of one of the sections
of the scratched skin from which the autoradio-
gram shown in Figure 3 was prepared. Scratch
at arrow extends only about halfway through
epidermis. Magnification X 95.
magnification (1.5 x) of the entire photo-
sensitive slide, and shows the darkening caused
by radioactivity from several sections of skin.
The sections of skin are not superimposed. On
slide B, intense shadows can be seen which corre-
spond in position to the scratched areas of skin
in the various sections; the radioactive sarin at
this point has penetrated the entire thickness of
the dermis. No such shadow was obtained from
the normal unscratched specimens on slide A.
The superficial nature of the scratch, through
about one-half of the epidermis only, can be seen
at the arrow in Figure 4.
After contact with radioactive sarin for only
5 minutes, penetration through a scratch is
sufficient to produce a clear shadow on the auto
Fie. 5. Autoradiogram of sections of human skin on which radioactive sarin was placed after excision
at autopsy and scratching. Magnification X 1.2; specific activity of sarin 0.5 mO/mM; contact of sarin
with skin 5 mm.; contact of cutaneous sections with photosensitive emulsion 20 days.
made from skin excised from the dead rabbit
before application of radioactive sarin. We
believe that it is very similar to the autoradio-
gram shown in Figure 1; the distribution of the
shadow is the same in both. The comparative
intensity of shadow is not significant, because
this is determined by many factors, among which
are: (1) the specific activity of the sarin; (2) the
amount of sarin on the surface; (3) the thickness
of the section; (4) the length of time the section
is exposed to the photosensitive emulsion; (5) the
development of the emulsion; (6) the exposure
time and the intensity of light when the picture
was taken; (7) the development of the negative;
(5) the exposure time of the print; and (9) the
development of the print. It is extremely diffi-
cult to hold all these factors constant.
Human Skin
The autoradiograms shown in Figure 3 were
prepared from normal (A) and scratched (B)
excised human skin on which radioactive sarin
had been present for 30 minutes. This is a small
FIG. 6. Photomicrogram of one of the sections
of the scratched skin from which autoradiograms
shown in Figure 5 were prepared. Scratch at
arrow extends only about halfway through epi-dermis. (This section shows some cutting and
mounting artef acts: loosening of stratum corneum
and folding of the epidermis.) Magnification
X 95.
radiogram (see Figure 5). The superficiality of
the scratch in this instance is shown by the pho-
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DISCUSSION AND CONCLUSION
The anticholinesterase agent, sarin, is known
to penetrate intact living skin. From the auto-
radiographic studies presented here, and from
many others made in this laboratory, no evidence
has been obtained to show that sarin penetrates
preferentially through the hair follicles. Penetra-
tion appears to be primarily transepidermal.
The autoradiograms are similar whether sarin
is applied to the intact skin during life (rabbits)
or to skin excised after death.
Intactness of the barrier is important in limit-
ing the penetration of sarin through the skin.
Evidence is shown that a considerable amount of
sarin penetrates into the dermis during a period
of only five minutes when there is even the most
superficial break in the barrier. No such penetra-
tion through normal, unscratched skin could be
demonstrated after thirty minutes.
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